J 



Europaisches Patentamt 
Eur pean Patent Office 
Office urope n d s brevets 



© Publication number: 



0 567 136 A1 



© Application number: 93106582.5 
© Date of filing: 22.04.93 . 



EUROPEAN PATENT APPLICATION 

© int. CI* C04B 35/48, C09K 3/14 



© Priority: 23.04.92 JP 104727/92 


© Applicant: NIKKATO CORPORATION 


2-24, Orionocho 3-cho 


© Date of publication of application: 


Sakai-shi, Osaka-fu 590(JP) 


27.10.93 Bulletin 93/43 


© Inventor: Ohnishi, Hiroshi 




© Designated Contracting States: 


445-20, Kena-cho 


DE FR GB 


Sakai-shi, Osaka-fu(JP) 




Inventor: Inui, Kazuyo 




8-27, Kohryohigashimachi 2-cho 




Sakai-shi, Osaka-fu(JP) 




Inventor: Kawanami, Toshio 




153-1, Kitanoda 




Sakai-shi, Osaka-fu(JP) 




® Representative: VOSSIUS & PARTNER 




P.O. Box 86 07 67 




D-81634 MUnchen (DE) 



© Mill parts. 

© The invention provides the mill part comprising a sintered zirconium body meeting the following require- 
ments: 

(1) a Y 2 0 3 content of 1 .0 to 4.5 mol%, 

(2) an average grain size of not greater than 2 urn. 

(3) a bulk density of not less than 5.8 g/cm 3 , 

(4) a tetragonal phase zirconia content of not less than 40 volume %, 

(5) a toughness value of not less than 4.5 MPam 1/2 , 

(6) a strength value of not less than 60 kgf/mm 2 , and 

(7) said average grain size (urn), toughness (MPam 1/2 ) and strength (kgf/mm 2 ) values satisfying the following 
relation. 

(Average grain size) 1 4 x (Toughness)" 27 x (Strength)*" 27 ^1 x 10 -7 
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The present invention relates to a mill part comprising a sintered zirconia body. 

The mills used today include the ball mill, sand mill, attrition mill, vibrating ball mill and so forth. The 
parts of these mills, inclusive of the internal lining and balls or equivalents, are generally made of a metal, 
resin, rubber or ceramic material but since these materials are liable to wear, ground products tend to be 

5 contaminated with traces of worn materials and the attrition of the parts is also significant. Particularly as far 
as the production of electronic parts, which has been rapidly increasing in recent years, are concerned, 
impurities mixed into ground powders as worn materials, even in trace amounts, exert unnegligible 
influences on the physicoelectrical properties of the final parts. Therefore, the development of higher wear- 
resistant mill parts has been earnestly awaited. 

w Recently mill parts made of zirconia have been proposed (e.g. Japanese Unexamined Patent Publica- 
tion No. 15079/1983) and are finding application but a further improvement in wear resistance is still being 
looked after. 

Therefore, the primary object of the present invention is to provide a mill part which is further lessened 
in the drawbacks of the conventional mill parts and is conductive to a further reduction in the degree of 
75 abrasion-related contamination. 

This object has been achieved by the surprising finding that a sintered zirconia body containing a 
specified proportion of Y 2 Os and controlled to specified values for such parameters as average grain size, 
bulk density, crystal phase and physical properties provides mill parts of remarkably improved wear 
resistance. 

20 The present invention is therefore directed to the following mill parts : 

A mill part comprising a sintered zirconia body meeting the following requirements, viz. 

(1) a Y 2 0 3 content of 1.0-4.5 mol%, 

(2) an average grain size of not greater than 2 um, 

(3) a bulk density of not less than 5.8 g/cm 3 , 

25 (4) a tetragonal phase zirconia content of not less than 40 volume %. 

(5) a toughness value of not less than 4.5 MPam 1/2 . 

(6) a strength value of not less than 60 kgf/mm 2 , and 

(7) said average grain size (um), toughness (MPam 1/2 ) and strength (kgf/mm 2 ) values satisfying the 
following relation: 

30 (Average grain size) 14 x (Toughness)" 27 x (Strength)" 2 7 ^1 x 10~ 7 

The above mill part wherein the sintered zirconia body has a monoclinic phase zirconia content of not 
greater than 5 volume %. 

The requirements that must be met for purposes of the present invention are now described in further 
detail. 

35 (a) The Y 2 0 3 content of the sintered zirconia body is within the range of 1.0 to 4.5 mol%. 

In order that a sintered zirconia body may exhibit the necessary wear resistance as a wear-resistant 
material, its Y2O3 content must be within the range of 1.0 to 4.5 mol%. When the Y 2 0 3 content is less 
than 1.0 mol%, not only the volume of monoclinic phase is increased but the mechanical properties of 
the sintered zirconia body are degraded relatively. As a consequence, the wear resistance of the mill part 

40 made of such material is not as high as practically useful. On the other hand, when the Y2O3 content 
exceeds 4.5 mol%, the volume of cubic phase is increased and the average grain size of the sintered 
body becomes larger. As a result, the wear resistance of the mill part is decreased. 

The sintered zirconia body of the present invention may further contain at least one species selected 
from MgO, CaO and rare earth element oxides. Among the rare earth element oxides that can be used 

45 are oxides derived from compounds of the elements having atomic numbers from 57 to 71. When any of 
MgO, CaO and rare earth element oxides is added, the proportion of Y2O3 content can be decreased 
within the above range to reduce the production cost. Moreover, these oxides may improve toughness. 
The level of addition of these oxides can be selected in such a manner that the specified volume of the 
tetragonal phase will be formed in the sintered body. Generally, the content of such oxide or oxides in 

50 the sintered zirconia body may be about 6 mol% at the maximum. 

(b) The average grain size of the sintered zirconia body is not greater than 2 urn. 

Generally, the larger the grain size, the higher is the wear loss due to granular abrasion. When the 
averag grain size exceeds 2 um, the stability of the tetragonal phase is adversely affected and a 
transformation from such phase to monoclinic phase by stress-induced corosion tends to take place in 

55 repeated use. The increased volume of monoclinic phase causes microcracks in the sintered body, so 
that not only the wear loss originated from such cracks is accelerated but the wear resistance of the 
sintered body is decreased. Thus, troubles such as cracking tend to occur easily. The average grain size 
of the sintered zirconia body is preferably not larger than 1 um. 

2 



ntoinc* i 1 



EP 0 567 136 A1 



The average grain size is measured as follows. The surface of the sintered body is polished mirror- 
smooth and treated by the thermal or chemical etching. Then, the etched surface is examined with a 
scanning electron microscope and the average value for 10 points is calculated by the intercept method. 
The calculating equation is D = 1.5 x n/L t where L means the measuring length, D means the average 
5 grain size, and n means the number of grains per L. 

(c) The bulk density of the sintered body is not less than 5.8 g/cm 3 . 

When the bulk density is less than 5.8 g/cm 3 , many pores are formed in the sintered body and 
accelerated wear loss arises from the pores serving as points of origin to undesirably decrease the 
impact strength of the mill part. More preferably, the bulk density is not less than 5.85 g/cm 3 . 
io (d) The sintered body contains not less than 40 volume % of tetragonal phase zilconia. 

When the tetragonal phase zirconia content is less than 40%, the effect of stress-induced phase 
transformation from the tetragonal phase to the monoclinic phase is decreased to reduce toughness and 
consequently stress loading tends to cause microcracks, thus decreasing wear resistance and impact 
strength. 

is Furthermore, when the tetragonal phase zirconia content is low, the cubic phase zirconia is increased 

• relatively and the average grain size becomes larger. For this reason, too, the wear resistance and 
impact strength of the sintered boy are decreased. 

In the present invention, monoclinic phase zirconia may be present up to 5 volume %. 
The presence or absence of monoclinic phase zirconia (M) and the amounts of tetragonal phase 
20 zirconia (T» and cubic phase zirconia (C) were identified by X-ray diffraction analysis. Thus, on the 
surface of a sintered body and of a product made thereof, the tetragonal phase transforms to the 
monoclinic phase by the stress-induced transformation and, therefore, it is difficult to identify the true 
crystal structure. For this reason, the surface of the sintered body was polished mirror-smooth and X-ray 
diffraction analysis was carried out at the detraction angle range of 27-34°. The presence or absence 
25 and the amount of monoclinic phase zirconia was identified from the heights of the diffraction peaks 
(111) and (111) of monoclinic phase zirconia and the diffraction peaks (111) of tetragonal phase zirconia 
and cubic phase zirconia by means of the following equation. 

M = [Im(iti) + >m(iiT)]/[1m(iii) + Im(iiT) + Ic+t(iii)]x 100 (volume %) 

30 

Similarly, the volume of tetragonal phase zirconia (T) and cubic phase zirconia (C) were identified in the 
- detraction angle range of 70-77* and calculated from the heights of cubic phase zirconia diffraction peak 
(400) and tetragonal phase zirconia detraction peaks (400) and (004) by means of the following equation, 

35 C = [l c+ T(iii) [lM ( ni) + lM(iiT) + lc+T(iii)]] x [I C (4oo)/[Ic{4oo> + It(4oo) + It(oo4)]] x100 (volume %) 
T = 100 - M - C (volume %) 

(e) The average grain size (urn), toughness (MPam 1/2 ) and strength (kgf/mm 2 ) of the sintered body 
, 40 satisfy the following relation. 

(Average grain size) 1 4 x (Toughness) ~ 27 x (Strength)" 27 £1 x 10~ 7 
The investigations made by the inventor of the present invention revealed that for use as the high- 
speed, high-load crushing media and internal lining of a medium-stirring type mill or the like, it is not only 
necessary that the sintered zirconia body meet certain specific parameter values for grain size, bulk density 
45 and crystal phase structure but it is essential that the average grain size (um), toughness (MPam 1/2 ) and 
strength (kgf/mm 2 ) satisfy the specific relation shown above. In other words, it is not sufficient that said 
parameter values are independently excellent but they must satisfy the above relation. Thus, grain size 
which represents grain volume is associated with wear by granular abrasion and further with stress corosion. 
Toughness is a measure of resistance to the initiation and propagation of cracks, while strength is indicative 
so of the size and amount of defects which are rate determining factors in wear. Therefore, how excellent any 
one or two parameter terms of the above relation may be, no effective inhibition of wear can be expected 
when the total value exceeds 1 x 10~ 7 . The value of the above relation is preferably not greater than 5 x 
10~ 8 . 

The requirement as to average grain size of the sintered body was as mentioned above. The toughness 
55 of the sintered body must be not less than 4.5 MPam 1/2 . The strength of the sintered body, in the form of a 
ball, must be not less than 60 kgf/mm 2 . 

As far as the disclosure in this specification is concerned, toughness was measured under a load of 30 
kgf using a sintered body specimen mirror-finished by the IF method in accordance with J IS 1607. 
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As to strength, when the mill part according to the invention was spherical in shape, each specimen 
sandwiched between two WC plates was set on the testing machine and loaded at a crosshead speed of 
0.5 mm/min. and the load (W) at a final fracture of the specimen was determined. This load value was 
divided by the sectional area (A) of the specimen and the resultant quotient (W/A) was used as the strength 
5 value. When the mill part was other than spherical, a specimen of the shape specified in JIS 1601 was cut 
out from the sintered body and its strength was measured in accordance with the above JIS method except 
for size of specimen. 

Mill parts according to the present invention can be manufactured by various techniques. The following 
is an example. An aqueous solution of a zirconium compound (e.g. zirconyl oxychloride) and a solution of 
70 an yttrium compound (e.g. yttrium chloride) are evenly mixed in proportions such that 1.0 to 4.5 mol% of 
Y 2 0 3 will be incorporated in Zr0 2 . The mixture is then dehydrated, dried and calcined at 400-1200° C. This 
product is ground to provide a primary particle Zr0 2 powder having an average grain size of not more than 
0.5 urn. When at least one of MgO, CaO and rare earth element oxides is to be incorporated in 2r0 2 , an 
aqueous solution containing at least one of Mg, Ca and rare earth element is added in a necessary amount 
75 As a sintering aid, AI2O3 may be added. The level of addition of AI 2 0 3 is determined so that the A£ 2 0 3 
content of the sintered body will not exceed 15 volume %. Then, the above primary particle Zr02 powder is 
dispersed by wet grinding and, after addition of the known binder (a wax emulsion, PVA, CMC, etc.), the 
dispersed powder is formed by using known ceramic forming techniques. Small balls can also be prepared 
by the known tumbler granulation method, alkoxide method or hydrolysis-in-liquid method. The formed body 
20 is then sintered at a temperature of about 1200 to 1600°C to provide a sintered mill part. Sintering may be 
carried out by the pressureless sintering method but HIP sintering is preferred. 

The sintered product thus obtained is further processed, where necessary, for example by machining, 
grinding, buffing, etc. to provide a final product. 

The term 'mill part 1 as used throughout this specification and appended claims means any and all of the 
25 parts which are brought into contact with solid materials in the machines, jigs or equipment used in the 
grinding, dispersing, breaking or comminuting of solid materials, whether under a dry or wet condition. The 
term "mill" means a crushing or milling machine but, in a broader sense, means any of dispersing 
machines, classifiers, blenders, granulators, sifters, mixers, dryers, conveying machines and so on. Exam- 
ples of the •mill part 1 include various media for crushing or dispersing, internal linings, vessels for use in 
30 milling, rolls, agitator pins, arms and so on. 

For these parts, the sintered zirconia body can be used just as fired but since monoclinic and cubic 
phase may at times have precipitated on the sintered surface due to contamination in the process of 
sintering, it is preferable, for reducing initial wear, that the surface of the sintered body as fired be finished 
by polishing, grinding or the like beforehand. However, when the crystal phase structure of the sintered 
35 body itself meet the requirements defined and measured under the conditions set forth in this specification, 
the presence of monoclinic and/or cubic phase on the surface of the mill part is allowed. This is because 
while such crystal phases remain in recesses of the sintered surface or the stress-induced transformation 
from tetragonal to monoclinic phase may occur in the process of polishing or grinding, the presence of such 
phases is only limited to a very superficial part of the sintered surface. The permissible amount of surface 
40 monoclinic phase as identified by X-ray diffraction analysis is 15 mol% at the maximum. 

The mill part comprising the above-specified sintered zirconia body according to the present invention 
exhibits the following desirable performance characteristics. 

(a) Since the mill part is excellent in strength, toughness and impact strength, its wear resistance is very 
high even under high-load operating conditions. 
45 (b) Since its modulus of elasticity is low as compared with alumina etc., the mill part is less liable to 
damage the other parts coming into contact therewith. 

(c) Since the mill part has high wear resistance, the ground powder would not be hardly contaminated. 
Moreover, should such contamination occur, the extreme fineness of the contaminants would not 
appreciably affect the uniformity of ground powders. 
50 The following examples are intended to point out the features of the present invention with greater 
clarity. 

Example 1 

55 Zirconyl oxychloride of 99.5% purity and yttrium nitrate of 99.9% purity w re blended in aqueous 
solution in the proportions indicated in Table 1. When any component other than Y 2 C>3 was to be 
incorporated, an aqueous solution of its nitrate was further added. The solution thus prepared was subjected 
to hydrolysis with heating under the reflux condition to cause precipitation of hydrated zirconia including 

4 
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Y2O3 (and MgO or CaO or a rare earth element oxide) as a solid solution. The precipitate was then 
dehydrated, dried and calcined at 1000*C for 1 hour. The resulting powder was washed and ground to a 
specific surface area of 10rn 2 /g. Thereafter, 2% of an aery late resin binder was added and the mixture was 
dried and granulated to provide a forming powder having an average grain size of 80 urn. 

5 This powder was formed by CIP at 1000 kgf/cm 2 , heated at 1350 to 1600-C and allowed to cool to 

obtain a sintered product in the form of balls 5 mm in diameter. The balls were finished by barrel grinding 
and used as specimens fpr evaluation. The crystal phases of such balls are also shown in Table 1. The 
characteristics of the balls are presented in Table 2. 

In Tables 1 and 2, specimens 1 through 6 are sintered bodies according to the invention, while 

10 specimens 7 through 10 are control sintered bodies not meeting at least one of the requirements defined by 
the present invention. 

Table 1 



Specimen No. 


Y2O3 (Mol%) 


Other oxide (Mol%) 


Crystal phase (vol %) 


Monoclinic 


Tetragonal 


Cubic 


1 


2.0 




2 


98 


0 ; 


2 


2.5 




0 


97 


3 


3 


1.5 


MgO:4 


4 


55 


41 


4 


3.5 




0 


80 


20 


5 


2.8 




0 


93 


7 


6 


1.5 


CaO:5 


0 


45 


55 


7 


4.8 




0 


35 


65 


8 


3.0 




3 


85 


12 


9 


0.5 


CeO 2 :10 


10 


40 


50 


10 


3.0 




0 


88 


12 



40 



45 



50 



55 
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'Relation value' means the value of the 
following equation. 

14 _ ^ *j 

(Average grain size) ' x (Toughness) * x 



(Strength) 



-2.7 



75 



Then, an attrition mill of 650 ml capacity was charged with 400 ml of the above test balls and 300 ml 
of water and operated at an arm speed of 400 rpm for 100 hours to determine the wear rate of the balls. 
The results are presented in Table 3. The wear rate was calculated by dividing the difference between the 
weight of balls before the test and that after the test by the weight of balls before the test and converting 
the quotient to the weight change per unit operating time. 

Table 3 



20 



25 



30 



35 



Specimen No. 


Rate of wear (ppm/hr) 


1 


0.25 


2 


0.29 


3 


0.98 


4 


1.00 


5 


0.35 


6 


0.87 


7 


10.50 


8 


3.80 


9 


5.10 


10 


2.00 



It is seen from Table 3 that the balls according to the present invention (Specimen Nos. 1-6) are 
remarkably high in wear resistance with wear rate values of less than 1 ppm/hr. 

40 Claims 



1. 



45 



50 



A mill part comprising a sintered zirconia body meeting the following requirements: 

(1) a Y2O3 content of 1.0 to 4.5 mol%, 

(2) an average grain size of not greater than 2 urn, 

(3) a bulk density of not less than 5.8 g/cm 3 , 

(4) a tetragonal phase zirconia content of not less than 40 volume %, 

(5) a toughness value of not less than 4.5 MPam 1/2 , 

(6) a strength value of not less than 60 kgf/mm 2 , and 

(7) said average grain size (urn), toughness (MPam 1/2 ) and strength (kgf/mm 2 ) values satisfying the 
following relation. 

(Average grain size) 1 4 x (Toughness)" 27 x (Strength)*" 27 ^ x 10~ 7 

The mill part according to claim 1 wherein the monoclinic phase zirconia content of the sintered body is 
not larger than 5 volume %. 
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